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Pw?fcmmncechamcteristicsofconicalsetnozzleswerede%mined
inaninvesti@hncoveMqa range of pressure ratiosfrmu1.0to
2.8,conehalf-anglesflwa50to900,andoutlet-inletdiameterratios
fmm0.50to0.91.Ml nozzles inmstigatdhadaninletdiameterof
5.00inches.
!lheflowcoefficientsoftieconicalnozzlesinvestigatedwere
“depenkdontheconehalf-angle,outlet-inletdiametemratio,and
pressureatio.me velocitycoefficientswereessentiallyconstant
atpressureatiosbelowthecri’tkal.Forincreasingpresmmesabove
critical ~ssme mtio, thm was a mdl decreaseinvelocitycoef-
ficientthatwasdependentongsmre ratioandMependentofcons
half-an@eandoutlet-inletdiameterratio.Thereforethevariation
m performance(airflowandthrust)ofseveralnozzle%selectedfm
=&esameperfmmmceataparticulardesi~
totheratioftheirflowmeffiuients.
ImwDuCmm
Conditicnl,wasprc$porttonal
A correctlydesi~d$etnozzleasa devtcefm ccmverktngpres-
surenergytoklmticenergyisaqessenbialpartofanefficient~et-
B’@si~ P= Pinto hnt $etpuwerplantsutilize, witi but
fewexceptions,theconicalsubscmtcjetnozzlebecauseitissimple
andinaqensivetofabricatead tieconfigurationisi herentlystrong
m tigta.
B the design of jetnozzles,app’oxhmtwvelocityanddischEmge
coefficientshavehadtobeused.Zhisnecessity,coupledwiththe
effectsofothmengine-designuncertainties,&tenrequiresthat
-S betie fime desireoftiesetnozzleduringproto@pe-
power-planttests.Exactnozzle-perfomancedatawouldenablea mme
raticmal process ofselectinga nozzle to perfoma specifictask
andwouldalsoena~lethedesignertopredictmm accurately puwer-
plantperl?mmnce uverthecompleteqymatingrange.
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Thefdhdi.ng symbolsareusedinthis report:
crom-sectional area,(sqft)
flow(a.ischE@&@)Coeffickt,w#t
effectivevelocitycoefficient}@~/(WmVt)
g[Fj kA2(P2-po)]
velocityooefficiexrb} Wmvt
specifich6atat
dismw~,(ft)
jetthrust,(lb)
accelmationdne
txmstant pressure,(13ttd/(lb)(%’)
tmgravi~,32.17(ft/sec2)
mechanicalequivalentofheat,778(ft-lb@@
MEIChnumber
mass,(slugs)
totalpresswe,“(lb/sqft)
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Ve
w
a
P
Y#
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P
P
T
static ~esswe, (lb/sq ft)
$asconStant,53.3
Reynoldsnuniber
toixiltemperature,
(ft-lb)/(lb)(?F)
(OR)
indicated tamfprature, (%)
statictempera~e,(%)
jetvelocity,(ft/see)
effectimjetvelocity,(ft/see)
fluidfluwrate,(lb/see)
jet-nozzleconehdf-angl.e,(deg)
thermocoupleimpact-recweryfactw
ratiofspecificheatatconstantpressuretospecificheatat
constantvolume
tiscosi~,(lb)/(see)(ft)
fhdadensi~,(lb/cuft)
the,(see)
subscripts:
m
t
x
Y
o
1
2
exit
Immuredvalue
theoreticalv ue
examplenozzle1
exmuplenozzle2 .
ambient
~et-nozzleinlet
jet-nozzleoutlet
A primindicates
(iiU’Oat).
conditicms ofcritical(sonic)flowinthenozzle
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Ju!uKzsIs
M order to desiganozzlefcma specifioap@ioation,twoper-
fmmnoecharacteristicsare~ re~~~: =“ fl~ ~~ci~~
andtheeffectivenessofconverting~essmeenergytoIcLneticenergy
cmvelocity.Flowoapaoi~ad effectivenessofenergyconversimE&0
evaluatedin* offlowcoefficient
~, resIBctiwU, whi.ohare definedas
Cd andvelocitycoefficient
,
+=:
!lheevaluationofthesecoefficientsis
thepressuresatst&cLons1andO h the
I
1
I a
I
I
I
I
I I
I
1
Station1
Zhesequantitiesareusually
I
. (1)
(2)
basedonthetemperatures
fOu.owing sketch:
I
I
I
I
I
;
1,
I
station2 station
availablefm jet-populsioncmejectcm
nozzles.Zheevaluationsbasedm one-dimensional~flowequations,
sothathecoefficientsobtainedmaybeeasilyapplied.Ihasxmmhas
the~essmeUY&ibutioninthe@aneofthejet-nozzleexit(station2)
isgmerdlyunknown,thedisohargepresmmeisassumedtobeatmo-
sphericforsulmritioal~essuremtios.Forsupmxxttioalwessme
mtiosthefma isassumedto_ onlytotheoritioalpressure}
whiohisthatexttpressurethatwilljustpxilucesonicvelocityin
.——. ————-— ---- —————.—.,— . . . ——.r._—.—— — --— .——:
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thenozzlethroat.Thecriticalpressurecanbedeterndnedby if-
ferentiatingtheequationformassflowthrou@a nozzlewithrespect
to
to
in
thedowndreamstaixLcpressureP~ andsettingtieresultequal
zero.!Jhisoyemtion@ves
4
%? 2 7-1
a () (3)—=7+1
2%0actualJetveloci~V’,2wasobtained* thejetthrust
thefolkmingmanner:lheequationforletthrustforsub-tical
pressureatios-canbewritten* I@wton~;secondlawofmotionas
whichstatesthat tieforceisequaltotherate
men,ifthefktaisassumedtoS* fromrest
atstzhim1),thisequationmayberewrittenas
Thetheoreticaljetveloci*w bea~vedfrom
energyequation
(4)
of changeofmomentum
(*tion Conditions-
(5)
theconsemation-of-
(6)
E thechangein ~ isassumedtobOnegligibleetween~ and
$,
‘t~2+-==) (7)
me taqeratureatthenozzleexitcanbedetemdnedfromthe
isentrapic-eqansionqression
(8)
. . . . . . . ..—. . ..——. . ~– -,- -- ..—. . . . . . .—.. — —. ..—..— .—.—-. ——.
/me wei@tt flowat
flowequatton@
l
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(9)
theoonf&wL@-of-
(10)
SwbstituWtievaluesof pt fromequation(10)@ves
in@i@ V; my beevaluateilbyequaticm(9),
Forsuperoritioal pressureatios,there
(W -20)bw~ -t ~~e~ tovelo~ib.
exit~ my becmputedfromequation(3).
sureratios,equation(5)thenbecaes
w’
—vZ++ (P2-P())Fj=g
(12)
isanexoessof~essvre
Zhepressureatthenozzle
I@ super~itioal~s-
- Po) (13)
Critioal orfnqmoritioal ~esmmemtiosacrossthenozzle“
establidhso.nioveloci~d the~ flowrateobtainableatthe
particularnozzle-inletcondition(P and
% 3
). Whenthecritical-
~essurerelation(equation(3))issustituteinequations(9)and
(12).@ sindlartermsaregroqxil,theoritioalf owconditionis
1
—. .—
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A simplificationofthethrustcalculationf r
ratios(equation(13))canbeobtdnedifthe
termisdropped@ thethrustcalculations
velocityVe
7*
(14)
(M)
supercriticalpres-
bamaonan&tfec-
(16)
Thetheoreticalve oci~isbasedontheassumptionofccmrplete
isentiopicexpmsiontoatmcqhericpressureeventhou@the~esswe
ratioacrossthenozzlemayexceedthecriticalpressuremtio. The
theoreticalve ocitymaybecalculatedfromequation(9)withp2=PO.
me effectiveveloci~coefficientCe &cm equation(16)is “
Te
Ce=—Tt ,, (17)
Valuesofboth~ and Ce are~esentd.Forconvenience,
T-bedesi~tedtheveloci&coefficienta d Ce theeffectiveveocity
coefficient.Belowthecritical~essureratio,p2 isequalto
p , whichmakestietwovelocitycoefficientsequalfromtheequality$0 equations(13)and(16).
The
diameter
Reynoldsnunibers
inthefollowing
werecalcula.ted”wingthenozzle-outlet
equation: .
PVD2
Re=—
w
(18)
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TheIkchnmiberswerecalculatedfortwovaluesof 7 by
(19)
TheappsratususedisUagmmm3ticallyshowninfigure1. Flaw
rateofair,sup@iedtotheapparatusatapprcnimtely800F was
determinedbyuseofa standard ~A.S.ILE.orifice(reference’1 . me
apparatuswasatkchedtotheair-supplysystemthroughfletible
3m3talbellowstoallowtheapparatusto wimgfreelyfromamajoint,sothathrustcouldbedirectlymeasured;abalanced-pressure
diaphragzn-~ethrustindicatorwasused.
lhendnimmndistanceb tweenthenozzleoutletandtheinlet
instrumentationwasgreatestf= the5°nozzlewitia diameterratio
of0.50.Thedistancer quiredinthisinsldlation,3.4inletdia-
meters,wasusedforallinstallations.me nozzle-inletinstrumen-
tation(station1)consistedoftwounshieldediron-constantanthermo-
couples,twototal-pressurekbes,and.twostatic-~essuretubes.
Allnozzleswereofwelded16-gagesheetsteelwithaninletMam-
eterof5.00inches.Nozzlesdeviatedsomewhatfromdesigndimension
inacmecases,ascanbeseenintable1,whichgivesthenozzlecon-
figuratxcmsandmeasurements.Becauseofthedeviationsi dimensions,
We datiwerecross-plottadoobtaindatacmrespodingtothesame
a3@Lesforeachofthedimeteratiosinvesti@ed.
AU nozzleswereinvestigatedbyvaryingonlythenozzle-inlet
totalpressure,whichcouldbemeasureddirectlywithin+0.05inch
ofmercury.
ZheMoated temperatureT+ measuredatstation1wascor-
rected to totel temperature.Llhe”nozzle-inletindicated
isameasweofthestaticteqQeratureplueaportionof
*-*8 rise
temperature
thestagmation-
(20)
— .— —— —..
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.-
NACA~ ~Oo 1757 9
I&cmcalibrationtests of thermocouplesofthetypeused,theimpact
recoveryfactorp wasfoundto~equal0.80.Withthetiueof ~
Iaxmn,thenozzle-inlettotal.temperatureT1 canbecalcukted
fromindicatedtempemturesby
(21)
Ihasmuchasthetemperatureoftheworkingfltiawasnearlythesame
asthatofthesurroundings}theradiation@ conductionl ssesfrom
thethermocoupleswereconsidereiln@ gible.
RESULTSAEODZX!USSIO19
mow Simtlari t9
~ cinder-t thedataobtainedonthe5-inchnozzlescanbe
amct~ appliedtofull-scalejet-enginenozzledesignandperfomk
ante,flowsimilari~mustbeestiblieheab tweenthenmaelendful,l-
scalenozzles.Thepredominantfactorsforflowsimilarityaregee- ,
metiicsimilarity,Reynoldsnunber,andMmhnumber.lhegemetiic
similarityssatiefieabyselectionofthe~opermdelnozzlefor
comparison.-
,
Therangeandtheccaqyu’isonofReynoldsnumberisshowninfig-
ure2. TherangeofReynoldsnunbersforthemodeldataisapproxi-
matelybetween3x lfi ad 4x 106.The_ ofRe~ldsxumibers
for% icalfull-scalejet-enginenozzlesi between8X 105 and3X 10. ‘IheeffectsofRqnoldsnumberswerenotinvesti&@eLIn-
asmuchastherangeofReynoldsnunibersofthemodeland_&picalfuJ2-
scalenozzlesisofapproximatelyhesameorder‘cfmagnituae,the
clifferenceinReynoldsnumberisconsideredn gligibleintheapplica.
tionofthetieldatatofu32-sc.alenozzledesignandperfommmce.
ThecomparisonofMachnuuiberfortwovalues-of~tioofs&cific
heatsy plottedagainst~essureratioisshowninfigure3.
Thevalueof 7 forthemckielnozzlesi appr-tely1.40andthe
valueof 7 fortypicalthin-scalejet-enginenozzlesisbetween
1.30ana1.40.FortestconditionsfequalM3chnumber,tiediffer-
enceinpressureatioissmall.‘I?Msm&U differenceinpressure
ratioswillbeshowninthefollowingsectiontohatevery13ttle
effectontienozzlecoefficients. Rrmtheforegoinganalysis,flow
similari~betweenthemodelendfull-scalenozzlesappearstohave
.
0— --——. .. . . .. . .. —---— -—. .— -.. —.-— -..—— .. . .——..———~__ . .
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a
,
beensatisfiedwithreasonableaccuracyandtheresultsofthemcilel
testsareconsidereddirectlyappl@abletofull-scalenozzledesign
ad performance.
FlowCoefficimt . .
!theeffectsonnozzleprf’ormance ofchangesindiameterratio,
inconeangle,andinpressureatioarepresented.Figure4~esents
the~ effectsofchangeinpressureationtheperformance
ofallnozzlesinvestigated.Forallnozzles,theflowcoefficient
incxeasedwithanincreasein~essureratio.Alsoa rapiddecrease
influwcoefficientwi hincreasingnozzleconesinglecanbeseen.
Valuesofflowcoefficientfornozzzeswithooneanglesof5°,
15°,30°,45°,and90°wereObtii~afromcross-plottingvaluesof
flowcoefficientob ainedfromfigure4 againstthenozzlecone-
ang~foreachdiametermtio.Thesedatawereagaincross-plotted
(fig.5)toshowvariationsi flowcoefficientwi hchangesindiam-
eteratioforpressureatiosof2.0and1.4.Thenozzleswith
smallconeanglesreachanoptimumdiemetermtioofabout0.75.At
apressureatiof2.0amximumflowcoefficientof0.972isindi-
~tedforthe5°nozzle.~ geneml,theflowcoefficientfurnozzles
withlargeconehalf-anglesincreaseswithincreasingdiameterratio.
58 curvesfordl nozzlesa-ch aparticularv lueofflowcoef-
ficienta a diameterratiof1.00becausethisvaluerepresentsa
straightlengthofpipe.Theflowcoefficientfora s&ai@tlength
ofpipeisshowninfigure6.
!thevsriatimsinflowcoefficientsfm nozzlesofvariouscone
anglef3withchangesinarearatio
%
/A1overa rangeofpressure
ratiosarepresentedinfigure7. eneximumvaluesoftheflow
coefficientsmmtionedintiediscussionoffigure5arebetterseen
infigure7(a),7(b),and7(c)forconehalf-anglesof5°,10°,ad
KP,respectively.Figure7presentshedatainthemostconven-
hntfozmlfor-useindesignofconicalnozzles.‘Iheuseofarea
ratioinsteadofdiametermtioforthesechartssimplifiesthe
selectionofanozzleto@-vea af3shdflowrate.
VelocityCoefficient
Thevelocitycoefficients
F
aregivenforallnozzlesinfig-
me 8. Onevalueofveloci~coeficient,0.945,representsthedata
olrkined.withti nozzleswithin*0.03,%etweenpresmreratiosof1.3
andthecriticalvalue(approximtely1.9).!lhescatterofthedata
.
—____
..- ___ ._O_ . .
,.. ,,,
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duetoinaccuraciesnthemeasurementsofflowrateand&t
pressure=tiosbelow1.3wasgreatenou@toobscureanytiend
U
at
of
thenozzlepnzhmnceattheverylowpressurezatioseAtsuper-
critical~ssure=tios,thevelocitycoefficientdecreasedtoa
valueof0.893ata ~essuremtioofappr-tely2.8.me mean
curverepresentsthesupertiticald tawitUn+O.03.Theveloci~
coefficientwasessentiallyinriependentofconeanglend-diameter
ratioanddependentonlyon~essureratio.
me effectimvelocitycoefficientsCe (fig.9)areusedonly
forthesimplified*t calculationsforallthenozzlesinvestigated.
Onevalueofeffectimvelocitycoefficient,0.945,representsthe
dataobtainedwithallnozzleswithinA0.03betweenpressureatios
of1.3a@thecriticalvalue.!IhisvaluqisWe _ asobtainedfor
thevelocitycoefficientoffigure8,becausetheveloci~coefficient
andtheeffectiveveloci~coefficientareidenticaltithesubcritical-
~essure-ratiooperatingrange.At ‘supercritical.pressureatios,
theaveragevalueofeffectiwvelocitycoefficientdecreasessl.i@tQ
to0.934ata~essureratiofappradmately2.8.
Comperisonof_tPeticamance
me variation in -twith changein pressure ratioisa
functionof only theflowcoefficients.andexitareasascanbedemon-
strate:
lhmequat@n(16)
‘J= ~d~wt,x ce,xvt,X
‘S)Y Ca)y‘t)yCe,y%,y (22)
!ihevelocitiesarefunctions ofonlyrmessureatioandinitial
temperature(equation(9))andatanypsi-tGularoperatingcondition
ae thereforeequal.me veloci~coefficientsarealsoequalbecause
theyareafunctionfonly~essureratio(fig.9).me air-fltiratio
Wtxmt,y isequaltotieratiofoutletareasforanyparticular .
opbtingconUtion.(Seequation(12).Ll%ethrustratiomaybe
writtenas
%$. Ca,x%@
%Y % %Y (23)
.
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Inasxunchastheexitareasrefix&,theratiofpetiorrmnce
(airflowandthrust)ofnozzlesofdifferentdesignselectedfcm
thesamthrustata pexticularconditionisproportionaltothe
ratiofflowcoefficients.
Thrustwiththe90°and5°nozzlesi comparedinfigure10aver
arangeof~ssureratiosbetween1.0and2.8.Zhesetwonozzles
weredesignedtogivethesame*t (effectiveflowarea ndair
flow)ata pressureatiof2.0andwerechosentoshowthemsximum
Variationinthrust.me ~ation in*t betweenthetwonozzles
withincreasingpressureatioresultsfrcmthelsrgeroutletarea
afthe90°nozzleandamorerapidincreaseinflowcoefficientthan
forthe5°nozzle.me thrustratioincreasesfor-the900nozzlewith
anincreasein~essweratioabovethedesignpressureatiobecausb
ofthe~ter effectiveflow~ea ~ decreaseswitha decreasein
~essureratiobecauseofthesmallerffectiveflowarea.
,
SUMMKRYQI?RE3UI!E
I15xmaninvestigationofconicaljetnozzleswithinletdismetirs
of5.00inches,outlet-inletdiameterratiosfrom0.50to0091,cone
half-singlesfram5°to-90°at~ssureratiosfrom1.0to2.8,the
folkwingperf~ e charactez%ticsweredetermined:
1.!theflow
~essuremtio.
2.!!heflow
conehalf-am@eo
3.!Iheflow
coefliclentforallnozzlesincreasedwithinmeaslng
coefficientforaU nozzlesincreasedwithdecreasing
coefficientofnozzleswithsmllconehalf-andes
reachesanoptimumata diameterratiofab6ut0.75.!heflow-coef-
ficientofnozzleswithlargeconehalf-anfjlesingeneralincreaseswtth
increasingdiametermtio.
4.Theveloci~coefficientcouldbereascmablywellrepresented
byavalueof0.945tithe_ ofpressureatiosfrom1.3tothe
criticalpressureatio.Atpwwureratiosabovethecriticalvalue,
theveloci~coefficientdecreasedtaavalueof0.893ata~essure
Z’atiOof2.8.
5.me veloci~coefficientwasessentiallyindependentofcone
half-angle~ ofuutlet~etdismetermtio.
6.!lheeffectiveveloci~coefficientwasbasedontheassumption
ofcampleteisentmpicexpansimtoanibient~essurewhenthenozzle
“.
.
~
od
—. —-—..-— — .—. —... —.—.- -—————.——-—
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isoyeratedabovethecriticalpressureatio,andwasidentical
withthevelocitycoefficientbelowthecriticalpressuremtio.
Abovethecriticalpressurentio,theeffectiveveloci~coefficient
decreasedfrom0.945to0.934ata pressureatiof2.8.
7.me comparativeperformances(thrustandairflow)ofnozzles
selectedforthesameperfamanceata particulardesigncondition
wereproportionalto* ratioftheirflowcoefficientsbecausethe
velocitycoefficientisessentiallyindependentofnozzledesi~.
L3wisJQjht IWopuhionLaboratory,
NationalAdvisory(XmmitteeforAeronautics,
Cleveland,Ohio,Septeniber7,1948.
1.Anon.:FlowMeasurement1940.A.S.M.E.
andApparatusSec.),pub.byAm.Sot.
PowerTest
MXh.Ehlg.
Codes(IiMmzments
(NewYork),1940.
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TABLE1
lKZZLECONFI13URATIONSANDKEASUREl!ENMl
[Conehalf-angleameasuredat90”intervalsaroundperiphery;outlet
diameterD, measuredat600Intervalsaroundperiphery;inletdiameter
D. ofalliozzles,5,00In.1
J.
Configuration
c
E
F
lbasurement‘
AV.
1
2
;
Av.
1
2
i
Av.
J
7onehalf-angl(
a, (deg)
2
.8
.0
::;
5.0
14.0
lb.5
13.0
12.0
13.1+
31.0
29.0
30.e
29.9
30.0
39.5”
4-0.5
39.0
l+o.8
ho.o
90.0
90.0
90.0
90.0
90.0
15,5
16.5
16.3
15.0
15.8
47*7
90.0
90.090.0
90.0
90.0
2.513
1
0.50302.52 .5056
2*i+9k .4988
=-mw
2,500 I .5000
3.312 0.6624
“3.318 ,6636
3.378 .6756
3.336 .6672
3.367 0,673~
3.351 .6702
3.337 .6674
3.352 I .6704T
3.333.1 .667
———-.— .— . . . . —.,— . . ————.- —--
.-’:.
NACATN NO. 1757 15
.
TABLE1
NOZZLECONFI(3URATIONSANDMEASUREMENTS- Conaluded
Conftguratlon
J’
1 u
K
t b
1
L
[measurement
1
2
.:
Av.
1
2
:
Av,
1
2
:
Av.
1
2
:
Av.
1
2
;
Av.
1
2
{
Av.
1
2
;
Av.
ma half-angle
a, (deg)
1.4.2
15.2
14.8
15.8
15.0
38.5
38.5
39*5
~ 90.0
90.0
90.0
90.0
90.0
6.0
6.0
5*3
6.2
5*9
14.8
15.0
4.8
15.0
4*9
29.5
29.0
29.5
28.5
29.1
90.0
90.0
90.0
90.0
90.0
utlet diameter
T+,(in. )
3.995
;.$01.
.
3.998
3.990
3.9E!5
3.996
4:00:399
h.000
1+.000
4.000
4.570
h.55z
4.58o
4:5;8457
4.496
4.519
4.514
4.531
L-538
4.550
4.540
4.545
4.545
4.545
4.545
hvneterratio
,’24
‘0.7990
.8028
.7970
.7996
0.7980
.7970
.7992
.7980
0.8000
.8000
.8000
.8000
0.9140
.9104
.9160
.9134
0.9056
.8992
.9038
.9028
0.9062
.9076
.9100
.9080
0.9090
.9090
.9090
.9090
w
–—–—.—- - - .——-— —- ——- -—— ————— . .. ..-.— ..- —.— —.—————.-
,-
,.,
‘“i
r:
I L(-———.
I
I
I
Detdl A+
I
-.
=
.
.
TIEmet-measurin
u6?5.a8—
.-
. .,-.....
.. .. .:, ..,.
. . ...
. . . . .
...
. .. .
N
F———.
-1
I
,
I
I
~Flexible
I amneotora
!mErimornrplOe d
premue tubes~
w
\ ,- Hozzle
——. —
t-w
atatim 1 St.e.tlm2
“IL =5=....-.
.:-.,
....
..
2
11
.1
i
I
J
(
I
1
i
1
I
!
(
~06
4
- --
Jet diameter --
---
(%)
/-”/
3 18.75 _ /-
/
/
/
/ 4*Y3 / y2 <
/’
~
/ u.413 -
~ ~
i‘ / -
/
10X105
i{ /
/
8
2.59 /
7 .
6
— Model nozzles
5
‘— Typioalfull-aoale
nozslea
k
-
51.0 1.2 1.4, 1.6 1.8 2.0 2.2 2.4 2’.6 2.8
pressure ratio, P1/~
Figure2.- Range and comparison of Reynoldsnunberfor model and Y?ull-soalenoszleaover range
of presmre ratios.
z
:
>
,1
,.
.
I
I
I
I
.,I
I
I{
1.0 /0/0
/ “
f
/
.8
/
/ >
.6 , Ratio Of
speoificheats,y
—..
l4
1.30
l2
01*O 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2
Preat3urePatio,Pllpo
Figure3,- ComparisonOSMachn-er for two vtiuea of ratio of speolf~oheats over rWe of :
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